Coenurosis is an important zoonotic helminthic disease caused by the larval stage of the tapeworm Taenia multiceps. This parasite typically infects the brain of the intermediate hosts, including sheep, goat, cattle and even humans. We report a case of T. multiceps infection in a yak confirmed by clinical symptoms, morphological characteristics, and molecular and phylogenetic analyses. The coenurus was thin-walled, whitish, and spherical in shape with a diameter of 10 cm. The parasite species was identified as T. multiceps by PCR amplification and sequencing of the 18S rRNA, cox1 and nad1 genes. Three gene sequences all showed high homology (all above 97%) with the reference sequences from different hosts. Moreover, phylogenetic reconstructions with the 3 published Taenia gene sequences confirmed that the Qinghai yak isolate was closely related to T. multiceps. Although there are advanced diagnosis and treatment methods for coenurosis, early infection is difficult to diagnose. Importantly, the findings of yak infection case should not be ignored due to its zoonotic potential.
INTRODUCTION
Taenia multiceps is an important zoonotic tapeworm and its larval form (Coenurus cerebralis) is the causative agent of coenurosis (Cestoda, Teniidae; Leske, 1780) [1] . The adult tapeworm inhabits the small intestine of its definitive host domestic and wild canids (dog, fox, and wolf), while the metacestode parasitizes in the brain or spinal cord of the intermediate hosts (sheep, goat, cattle, and human), and then it affects the central nervous system of the intermediate hosts [2] . Coenurosis, also known as coenuriasis, 'gid' or 'staggers', can lead to pronounced intracranial pressure, resulting in headache, ataxia, hypermetria, head deviation, blindness, stumbling, paralysis and even death of the intermediate infected sheep, goat, cattle and even humans [3] [4] [5] . Coenurosis has spread worldwide and is distributed extensively, including in Europe and the USA, and especially in developing countries in Africa and Asia, and results in serious socioeconomic losses to the livestock husbandry industry throughout the world [6] .
In this study, we presented a rare case of yak coenurosis in the Qinghai Tibetan Plateau Area of China; emphasized the importance of animal behaviour, clinical features and molecular identification of the parasites; characterized the phylogenetic relationship of isolated parasites.
CASE RECORD
A 1.5-year-old male yak (Bos grunniens) was making irregular spinning right movements and had reduced eyesight. Upon cranial examination, the skull became soft and the skin bulged. After dissection, the skull was found to be thin, with a soft texture, and there were colorless transparent capsules with a diameter of about 10 cm filled with colourless, transparent water-like liquid, with white particles in the encapsulated liquid. When the capsule was removed from the brain, the affected part formed a large hollow from being under pressure for a long time ( Fig. 1 ).
Total genomic DNA was extracted from the tissue sample using the TIANamp Genomic DNA Kit (TIANGEN Biotech, Beijing, China) according to the manufacturer's instructions.
PCR was performed to amplify the nuclear and mitochondrial genes with the following primers: T. multiceps 18S rRNAF: 5′ -TCCTGCCAGTAGTCATATGC-3′ and T. multiceps 18S rRNAR: 5′ -CTTGTTACGACTTTTACTTCCTCT-3′ (PCR product= 2,460 bp); T. multiceps cox1F: 5′-TGTTTGAGTCATCTTATGTA-3′ and T. multiceps cox1R: 5′-CAAAGGTTAATGATACAAAT-3′ (PCR product= 1,620 bp); T. multiceps nad1F: 5′-GGTAAATAAGTAACCAAGTC-3′ and T. multiceps nad1R: 5′-AACATAAACATACCTCCC-3′ (PCR product = 890 bp). The amplification products (10 µl) were analysed by 1.5% agarose gel electrophoresis in 1× tris-acetate-EDTA buffer (pH 8.3) containing 10 µl of Gelstain per 100 ml. The agarose gel was observed, and images were captured using a WD-9413B Gel Imaging Analysis System (Beijing Liuyi Biotechnology, Beijing, China).
Direct sequencing was performed by the GENEWIZ Company (Beijing, China). The obtained sequences were then aligned with reference sequences available in the GenBank database using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic relationships of Taenia spp. were constructed by the MEGA 5.0 software with the neighbour-joining method, performed using the Kimura 2-parameter model and 2,000 bootstrap replicates.
The species was identified as T. multiceps following the am-plification of the fragments of 3 genes, which showed very high homology to the reference sequences when blasted against the NCBI database. In detail, the 18S rRNA, cox1, and nad1 genes from the isolate were 2,467 bp, 1,623 bp, and 894 bp in length, and the G+C contents of each gene were 55%, 30%, and 28%, respectively; and the sequences of the fragments of 18S rRNA gene (MK189451), cox1 gene (MK189452) and nad1 gene (MK189454), which provided 99% homology to 18S rRNA gene of China isolate (GQ260089) and Japan isolate (AB731621), and 100% homology to cox1 gene of China isolate (JX535576), 99% homology to China isolate (GQ228818, FJ495086, JX507220/1/3/4/5/6/7/8/9, JX507230 /2/3/4/5/7/8/9, JX535567/8/9 and JX535570/1/2/3/5), and 99% homology to nad1 gene of China isolate (GQ228818 and KC794809/10/11). Phylogenetic reconstructions with the published 3 Taenia gene sequences showed that all T. multiceps isolates constituting a branch, and confirmed that the Qinghai yak isolate was closely related to T. multiceps based on the 18S rRNA gene sequence (MK189451, Fig. 2A ), cox1 gene sequence (MK189452, Fig. 2B ), and nad1 gene sequence (MK189454, Fig. 2C ). 
DISCUSSION
Coenurosis is a group of zoonotic diseases caused by the metacestode larval stage of T. multiceps, T. serialis, and T. brauni [3, 7, 8] . The intermediate hosts, including humans and grazing animals such as cattle, sheep, goats, and rabbits, ingested the eggs in contaminated fruits, vegetables and grass, shed by the definitive hosts (dog, fox, and wolf).
Coenurosis is a neglected and rare disease; the recorded cases are domestic animals and human infections, and there is an existing risk of infection in humans. The yak case pathogen was identified as the larval stage of T. multiceps by clinical anatomy and molecular biology methods, and epidemiologically, there were no cases of human infections in this pastoral area. This case may be caused by wild canids (definitive hosts) because Li et al. [9] reported T. multiceps in Tibetan sand foxes in Qinghai Province of China with a 6% prevalence; on the other hand, Feng et al. [10] isolated T. multiceps eggs from the faces of farm dogs also in Qinghai Province of China. In the same environment and area, there were many wild foxes and domestic dogs (definitive hosts) and sheep, goat and yaks (intermediate hosts) even wandered around people's residences in some situations, threatening human health.
In this case, the yak's cyst had a diameter of approximately 10 cm, and the yak was similar to humans. When humans feel sick in the brain, they seek medical treatment and undergo brain computed tomography for diagnosis [11] . However, for the yaks, who graze freely on the grassland, when they are infected the parasite, it cannot be effectively found at the beginning stages, even when it affected the movement of the yaks, but it does not always attract the owners' attention; moreover, sometimes the owners did not realize that the yaks were infected with parasite in the brain. By the time the yaks walked in a circular motion and the symptoms of coenurosis were obvious [12] , it was too late for early intervention, and the surgical treatment period was missed.
Coenurosis is a rare but extremely life-threatening disease, and coenurosis in sheep and goats were reported in China [13] , but the molecular identification of T. multiceps was limited. Ten unique completed cox1 genes of 16 T. multiceps larval isolates from goats and sheep in Gansu Province and partial cox1 genes of 3 larval isolates from goats in Hunan Province were sequenced and showed 99% identity [13] . The phylogenetic tree based on the 18S rRNA gene, cox1 gene and nad1 gene sequences all showed that the Qinghai yak T. multiceps isolate constituted a branch consisting the different hosts and geographical distributions showing the closest relationships, followed by other Taenia species. Therefore, the 18S rRNA gene, cox1 gene and nad1 gene sequences can be used as molecular markers for the interspecific identification of Taenia species.
The case of yak coenurosis indicates the presence of the definitive hosts of T. multiceps in humans and domestic animals' environment, which suggests its zoonotic potential and importance to public health concerns. Considering the increasing number of domestic animals moving across provinces, even national imports and exports, coenurosis case reports could be useful for collecting a reference archive for food safety and hygiene. Therefore, more case reports and further studies on the prevalence of T. multiceps infections in sheep, goats, yaks, dogs and wildlife will still be needed in the Qinghai Tibetan Plateau Area of China for more in-depth information and insight into this disease.
